Introduction {#Sec1}
============

Persistence with and adherence to osteoporosis therapy are important factors in achieving successful treatment outcomes, in particular fracture reduction. Persistence is defined as taking medication for the prescribed treatment duration, and adherence is defined as taking the medication according to the dosing instructions \[[@CR1]\]. Compared with ideal medication-taking behavior, whereby recommended dosing regimens are followed, suboptimal persistence with and adherence to treatment of postmenopausal osteoporosis (PMO) increase a patient's risk of fracture by 17--64 % \[[@CR2]--[@CR6]\].

Persistence and adherence rates for oral bisphosphonates for PMO are typically low, with up to two thirds of patients discontinuing treatment within 1 year of initiation \[[@CR2], [@CR7], [@CR8]\]. Regimen complexity may be one barrier to persistence with and adherence to osteoporosis therapy: for example, patients prescribed oral bisphosphonates are required to take them on an empty stomach with water and then remain upright for at least 30 min \[[@CR9]\]. Dosing frequency may also influence persistence and adherence, with several studies suggesting that oral bisphosphonate regimens requiring less frequent dosing result in better medication-taking behavior than do regimens with short-interval dosing \[[@CR1], [@CR10]--[@CR14]\]. Furthermore, a meta-analysis found that patients preferred less frequent dosing regimens \[[@CR13]\]. Long-acting injectable (LAI) therapies with less frequent dosing regimens may therefore improve persistence and adherence.

Data from studies in Germany, Hungary, and Spain have shown that persistence with osteoporosis medication after 1 year is considerably lower with oral dosing regimens (daily, weekly, or monthly) than with less frequent intravenous dosing regimens \[[@CR13], [@CR15]--[@CR17]\]. However, even when using quarterly intravenous dosing schedules, between one half and two thirds of patients are not persistent 12 months after treatment initiation \[[@CR16], [@CR17]\]. Nevertheless, improved quality of life has been observed in patients with previous fractures receiving yearly intravenous bisphosphonates compared with those receiving daily oral therapy \[[@CR18]\], and several studies have shown that patients prefer annual intravenous infusions of zoledronic acid to weekly bisphosphonates \[[@CR19]\]. While one study has shown that persistence is higher with yearly drugs than with daily, monthly, or quarterly drugs \[[@CR17]\], further data on compliance and persistence for such injectable regimens are required \[[@CR19]\].

Denosumab is a monoclonal antibody that selectively targets the RANK ligand, thereby inhibiting osteoclast formation, function, and survival \[[@CR20]\]. In patients with osteoporosis, denosumab is administered by subcutaneous injection every 6 months \[[@CR21]\]. In postmenopausal women with low bone mineral density (BMD), randomized, double-blind studies have demonstrated that denosumab significantly decreases markers of bone turnover and increases BMD, compared with the standard of care, weekly alendronate \[[@CR22], [@CR23]\]. Compared with placebo, denosumab has been shown to reduce the risk of vertebral, non-vertebral, and hip fractures in women with PMO \[[@CR24]\].

LAI treatments differ from oral treatments because they are usually administered by healthcare professionals rather than by patients themselves. Consequently, patients have little opportunity to deviate from the prescribing instructions, and the difference between persistence and adherence is less pronounced. Furthermore, the medication possession ratio (MPR; proportion of days for which a patient has an adequate supply of the medication over a defined time period) cannot be assessed for LAIs because the patient is covered therapeutically for a specific amount of time. Instead, the medication coverage ratio (MCR) can be calculated, which measures the percentage of days that the patient was covered by an LAI agent over a given time interval after receiving the injection. To ensure that women with PMO receive appropriate therapeutic intervention, it is imperative to assess persistence with and adherence to LAI therapy in a real-world setting and to explore optimal ways of evaluating these factors with respect to LAI treatments for osteoporosis, such as denosumab \[[@CR25]\].

In order to gain a European perspective on the real-world use of denosumab in women with PMO, we are conducting a non-interventional study in Germany, Austria, Greece, and Belgium to investigate the medication-taking behavior of patients receiving denosumab treatment every 6 months in routine practice. Enrollment began in 2011 and recruitment has been completed. Here, we describe the results of pre-specified 12-month interim analyses.

Methods {#Sec2}
=======

Study design {#Sec3}
------------

These interim analyses are part of an ongoing, international, multicenter, prospective, non-interventional study that aims to assess 12-month persistence, adherence, and MCR in postmenopausal women receiving denosumab in routine practice in four European countries. These analyses will also report the incidence of adverse drug reactions (ADRs). Patients are being followed for 2 years after their first denosumab injection and are expected to receive subsequent injections every 6 months.

The study planned to enroll approximately 1500 patients across Germany, Austria, Greece, and Belgium (∼40 % from Germany and ∼20 % each from Austria, Greece, and Belgium) from 170 sites (60 in Germany, 30 each in Austria and Greece, and 50 in Belgium). Sites were selected to be representative of PMO care centers in each country.

To be eligible for inclusion in the study, patients must have been suitable for, and have been prescribed, subcutaneous denosumab 60 mg every 6 months in accordance with the appropriate prescribing information (e.g., EU Summary of Product Characteristics or local equivalent) for the treatment of PMO and in accordance with national guidelines. Patients were excluded if they were currently enrolled, or had been enrolled in the past 6 months, in any other study involving another procedure, device, or drug or exhibited any disorder that the investigator felt might preclude the patient from providing informed consent.

To ensure that the recruitment strategy had as little impact on routine practice as possible, the decision to treat the patient with denosumab was made independently of, and before, enrollment in the study. After the initial denosumab injection, the informed consent and patient enrollment procedures were completed within 4 weeks; these steps could be completed on the same day, depending on clinic protocol and patient preference. Most baseline assessments were performed by the end of the fourth week following the first denosumab injection. For baseline assessments performed before the first injection, data obtained closest to the injection date were used. At enrollment, all patients completed the Morisky 8-Item Medication Adherence Scale (MMAS-8) questionnaire, which measures the likelihood of adherence on a scale of 0--8: high adherence, score of 8; medium adherence, score of 6--7; low adherence, score of less than 6 \[[@CR26]\]. All other data were collected during routine practice. There was no requirement for additional tests such as dual-energy X-ray absorptiometry (DXA).

During this ongoing study, patients are not precluded from taking concomitant therapies that the investigators deem necessary, including calcium and vitamin D supplements. All information collected during routine practice was recorded using electronic case report forms. All occurrences of ADRs (as judged by the physician) were reported to the study sponsor (Amgen Inc.) by the physician.

Analyses {#Sec4}
--------

The interim analyses of baseline patient characteristics and 12-month outcomes reported here were prospectively planned. They are based on the full analysis set, defined as all enrolled women who had received at least one injection of denosumab and who had a non-missing enrollment date.

Patient characteristics were summarized by country using descriptive statistics. Data are presented as number and percentage for categorical values and as mean and standard deviation (SD) for continuous variables. Persistence, adherence, and MCR at 12 months are reported by country as means and 95 % confidence intervals (CIs). In addition, univariate logistic regression analysis was used to explore the association of each pre-specified baseline covariate with persistence at 12 months.

Persistence was defined as receipt of the subsequent injection within 6 months + 8 weeks of the previous injection, and adherence as administration of the subsequent injection within 6 months ± 4 weeks of the previous injection. Sensitivity analyses were conducted using alternative time windows of 6 months + 4, 6, and 12 weeks for persistence and 6 months ± 6, 8, and 12 weeks for adherence. The MCR was calculated using the percentage of time that a patient was covered by denosumab, as assessed from prescription records, and was based on the assumption that each injection of denosumab provides 6 months of medication coverage.

These interim analyses were carried out when all eligible women had had the opportunity to receive their second injection of denosumab and are still defined as persistent according to the longest time window after their initial denosumab injection (i.e., 6 months + 12 weeks). Any data collected after the date of the second injection were not included. If a patient withdrew from the study before the second injection, the analyses included data collected before withdrawal. Future analyses are planned to ascertain persistence, adherence, and MCR at 24 months.

Results {#Sec5}
=======

Study population {#Sec6}
----------------

A total of 1500 patients from 141 sites were included in the full analysis set: 599 women (48 sites) in Germany, 300 women (22 sites) in Austria, 300 women (27 sites) in Greece, and 301 women (44 sites) in Belgium.

Physician demographics {#Sec7}
----------------------

Physician specialties differed across the four countries. In Germany, the most common specialty was orthopedics (52.1 % of all physicians); in Austria, it was obstetrics/gynecology (31.8 %); in Greece, the most common specialty was endocrinology (40.7 %), and in Belgium, it was family practice (68.2 %) (Table [1](#Tab1){ref-type="table"}). In most countries, the majority of physicians were male (81.5--89.6 % in Germany, Greece, and Belgium); in Austria, nearly half of the physicians were female (45.5 %).Table 1Physician specialty according to countrySpecialtyGermany (*N* = 48)Austria (*N* = 22)Greece (*N* = 27)Belgium (*N* = 44)Orthopedics^a^25 (52.1)3 (13.6)9 (33.3)--Endocrinology^a^6 (12.5)3 (13.6)11 (40.7)--Family practice2 (4.2)4 (18.2)0 (0.0)30 (68.2)Rheumatology9 (18.8)1 (4.5)5 (18.5)7 (15.9)Rehabilitation medicine^b^------1 (2.3)Geriatrics^b^------3 (6.8)Obstetrics/gynecology2 (4.2)7 (31.8)0 (0.0)1 (2.3)Internal medicine^a^1 (2.1)3 (13.6)1 (3.7)--Other2 (4.2)1 (4.5)0 (0.0)2 (4.5)Not available0 (0.0)0 (0.0)1 (3.7)0 (0.0)Missing1 (2.1)0 (0.0)0 (0.0)0 (0.0)Data are shown as *n* (%)*N* number of physicians who enrolled women in each country, *n* number of physicians reporting each specialty^a^These specialties were not recorded in Belgium^b^These specialties were recorded only in Belgium

Patient demographics, comorbidities, and medical history {#Sec8}
--------------------------------------------------------

Baseline demographics (Table [2](#Tab2){ref-type="table"} and Supplementary Table [1](#MOESM1){ref-type="media"}) were generally similar across the countries. Mean age was lowest in Greece (66.4 years), compared with 71.0--72.4 years in Germany, Austria, and Belgium. Despite this age disparity, the time interval between diagnosis of PMO and the first denosumab injection was similar in all four countries (range of means, 6.0--6.5 years).Table 2Baseline demographics, comorbidities, and medical historyCharacteristicGermany (*N* = 599)Austria (*N* = 300)Greece (*N* = 300)Belgium (*N* = 301)Age, years, mean (SD)72.4 (8.6)71.0 (9.5)66.4 (9.3)71.2 (10.4)Age at menopause, years, mean (SD)48 (5.8)49.4 (5.8)47.7 (5.3)49.4 (4.7)Time since PMO diagnosis, years, mean (SD)6.0 (5.6)6.5 (6.5)6.4 (6.3)6.4 (8.2)Smoking, *n* (%) Never427 (71.3)212 (70.7)228 (76.0)236 (78.4) Formerly52 (8.7)40 (13.3)24 (8.0)32 (10.6) Currently50 (8.3)48 (16.0)47 (15.7)33 (11.0) Missing70 (11.7)0 (0.0)1 (0.3)0 (0.0)Prior osteoporotic fracture, *n* (%)372 (62.1)122 (40.7)92 (30.7)151 (50.2) Vertebral182 (30.4)28 (9.3)34 (11.3)51 (16.9) Non-vertebral260 (43.4)101 (33.7)65 (21.7)126 (41.9)Parental history of hip fracture, *n* (%) Yes54 (9.0)34 (11.3)52 (17.3)29 (9.6) No272 (45.4)197 (65.7)192 (64.0)188 (62.5) Unknown273 (45.6)69 (23.0)55 (18.3)84 (27.9) Missing0 (0.0)0 (0.0)1 (0.3)0 (0.0)Prior PMO therapy, *n* (%)532 (88.8)252 (84.0)244 (81.3)256 (85.0)Baseline T-scores, mean (SD) Total hip−2.0 (0.8)−2.0 (0.8)−2.0 (0.9)−2.1 (0.9) Femoral neck−2.3 (0.8)−2.2 (0.8)−2.6 (0.8)−2.5 (0.7) Lumbar spine−2.7 (1.1)−2.8 (0.9)−2.7 (0.8)−2.2 (1.3)MMAS-8^a^ Total adherence score, mean (SD)7.0 (1.2)6.6 (1.5)6.2 (1.8)7.1 (1.6) Low or medium adherence score, *n* (%)266 (57.6)177 (67.0)187 (74.8)113 (37.5)*MMAS*-*8* Morisky 8-Item Medication Adherence Scale, *PMO* postmenopausal osteoporosis, *SD* standard deviation^a^Scores calculated from women who answered all questions in the MMAS-8 questionnaire. Scores ranged from 0 to 8, with high adherence represented by a score of 8, medium adherence by a score of 6--7, and low adherence by a score of less than 6

The most common comorbidities (as recorded by the treating physician) across the countries were hypertension (36.7--46.1 % of patients) and back pain (19.3--50.7 %), although the incidence of back pain was considerably lower in Greece (19.3 %) than in the other countries (Supplementary Table [1](#MOESM1){ref-type="media"}).

In all countries, a large proportion of patients had previously received therapy for PMO (81.3--88.8 %) (Table [2](#Tab2){ref-type="table"}). Overall, patients had taken a mean of 2.0--2.6 different osteoporosis medications over the 5 years before enrollment (data not shown). Of the patients who had received prior osteoporosis medication, a large proportion had been prescribed oral bisphosphonates (40.2--62.8 %). Alendronate was the most common prior bisphosphonate therapy (22.6--43.7 % of patients), followed by risedronate (16.6--23.5 %) and ibandronate (7.0--20.2 %). One fifth of patients reported having stopped taking their prior osteoporosis medication (14.6--19.7 %) (data not shown).

While DXA assessment was not mandatory for study inclusion, the majority of patients had data from DXA assessment available at baseline (Germany, 87.8 %; Austria, 63.0 %; Greece 80.0 %; Belgium, 94.4 %). Mean baseline T-scores were low (range, −2.0 to −2.1 for total hip, −2.2 to −2.6 for femoral neck, and −2.2 to −2.8 for lumbar spine) (Table [2](#Tab2){ref-type="table"}). Mean baseline hip, femoral neck, and lumbar spine T-scores were similar across the countries.

Self-reported medication-taking behavior for chronic health conditions was assessed at baseline using the MMAS-8 questionnaire. The range of mean MMAS-8 scores across the countries was 6.2--7.1. In all countries except Belgium, the majority of patients (for whom data were available) had a low or medium MMAS-8 score for adherence to medications taken before the start of the study (Table [2](#Tab2){ref-type="table"}); in Belgium, 37.5 % of patients had a low or medium MMAS-8 score.

The proportion of patients who had previously experienced an osteoporotic fracture varied by country; this was higher in Germany (62.1 % of patients) than in Austria (40.7 %), Greece (30.7 %), and Belgium (50.2 %) (Table [2](#Tab2){ref-type="table"}). Notably, prior vertebral fractures were considerably more common in Germany (30.4 %) than in the other three countries (range, 9.3--16.9 %). Prior non-vertebral fractures were more common than prior vertebral fractures in all four countries.

In Austria, Greece, and Belgium, the most common reason cited by physicians for prescribing denosumab was that their patients had multiple risk factors for fracture (range, 35.3--54.8 % of patients) (data not shown). In Germany, the most commonly cited reason was history of osteoporotic fracture (47.1 %). In general, a considerable proportion of patients were prescribed denosumab owing to failure of (26.6--44.7 % of patients) or intolerance to (13.0--35.0 % of patients) their previous osteoporosis therapy (data not shown).

Persistence, adherence, and medication coverage ratio at 12 months {#Sec9}
------------------------------------------------------------------

Across all four countries, 87.0--95.3 % of patients received a second denosumab injection within 6 months + 8 weeks of the first injection and were therefore classified as persistent at 12 months (Fig. [1](#Fig1){ref-type="fig"}). Adherence at 12 months (i.e., the proportion of patients who had received a second denosumab injection within 6 months ± 4 weeks of the first injection) was 82.7--89.3 % (Fig. [1](#Fig1){ref-type="fig"}). Mean MCR was 91.3--95.4 % (Fig. [2](#Fig2){ref-type="fig"}).Fig. 1Persistence with and adherence to denosumab at 12 months. Data are shown as percentage ± 95 % confidence interval. Persistence was defined as receiving the subsequent injection within 6 months + 8 weeks of the previous injection. Adherence was defined as receiving two consecutive injections within 6 months ± 4 weeks of each otherFig. 2Medication coverage ratio of denosumab at 12 months. Data are shown as mean percentage ± 95 % confidence interval. The medication coverage ratio (MCR) was calculated as the percentage of days that a patient was covered by denosumab, as assessed from prescription records, and was based on the assumption that each injection of denosumab provides 6 months of medication coverage

Sensitivity analyses confirmed that, in all countries, persistence and adherence increased as the length of the permissible time window increased (Table [3](#Tab3){ref-type="table"}). In Austria and Greece, patients who had at least one baseline DXA measurement at any skeletal site tended to have increased persistence compared with those without any DXA measurements (12-month persistence, 93.9 and 95.4 % versus 64.3 and 66.7 %, respectively) (data not shown). In Germany and Belgium, there was no difference in persistence according to whether baseline DXA measurements had been taken (data not shown).Table 3Sensitivity analysis of persistence and adherence at 12 monthsGermany (*N* = 599)Austria (*N* = 300)Greece (*N* = 300)Belgium (*N* = 301)Persistence 6 months + 4 weeks89.0 (86.2--91.4)84.3 (79.7--88.3)90.0 (86.0--93.2)91.7 (88.0--94.6) 6 months + 6 weeks91.0 (88.4--93.2)86.0 (81.6--89.7)93.0 (89.5--95.6)94.0 (90.7--96.4) 6 months + 12 weeks93.0 (90.6--94.9)87.7 (83.4--91.2)95.3 (92.3--97.4)96.0 (93.1--97.9)Adherence 6 months ± 6 weeks90.8 (88.2--93.0)85.7 (81.2--89.4)92.7 (89.1--95.3)93.7 (90.3--96.2) 6 months ± 8 weeks92.5 (90.1--94.5)87.0 (82.7--90.6)93.7 (90.3--96.1)95.3 (92.3--97.4) 6 months ± 12 weeks93.0 (90.6--94.9)87.7 (83.4--91.2)95.0 (91.9--97.2)96.0 (93.1--97.9)Data are shown as percentage (95 % confidence interval)

Baseline factors associated with 12-month persistence {#Sec10}
-----------------------------------------------------

Univariate analyses for all baseline covariates by country can be found in Supplementary Tables [2](#MOESM2){ref-type="media"}--[5](#MOESM5){ref-type="media"}; variables deemed potentially clinically relevant are discussed herein.

The following baseline covariates did not influence persistence (*p* \> 0.05) in any of the four countries: height loss, historical fracture, historical vertebral fracture, hospitalization for osteoporotic fracture prior to enrollment, current and former smoker status, femoral neck and lumbar spine T-scores, time between diagnosis of PMO and first denosumab injection, chronic medical conditions, SF-12 Physical and Mental Component Summary scores, MMAS-8 scores, number of comorbidities at baseline, highest education level achieved, living situation, marital status, academic or non-academic center, and calcium and/or vitamin D supplementation.

While no baseline covariates were found to have a statistically significant association with persistence in all four countries, there were some consistent trends. Across all countries, patients who reported that one of their parents had experienced a hip fracture and those aged younger than 75 years tended to have higher persistence than those who did not report a parental history of hip fracture and those aged 75 years or older, and statistical significance was reached for parental history of hip fracture in Austria (*p* = 0.0413) and for age in Greece (*p* = 0.0398). In Germany, Greece, and Belgium, patients whose traveling time to their treating clinic exceeded the median traveling time for their country tended to have lower persistence than those with a traveling time lower than or equal to the median, and statistical significance was reached in Belgium (*p* = 0.0446 \[median traveling time, 10.0 min\]). In Germany, Austria, and Greece, patients experiencing one or more falls or occurrences of immobility during the 12 months prior to enrollment tended to have lower persistence than those with no falls or occurrences of immobility, and statistical significance for both covariates was reached in Austria (*p* = 0.0011 and 0.0074, respectively).

There were some country-specific differences regarding which covariates influenced persistence. In Austria, three or more prescription medications at baseline, any prior exposure to PMO therapy, and exposure to PMO therapy in the 12 months prior to enrollment were associated with significantly higher persistence compared with fewer medications, having never been exposed to PMO therapy, and no exposure to PMO therapy in the 12 months prior to enrollment (*p* = 0.0269, 0.0293, and 0.0374, respectively). Patients enrolled at sites participating in the Prolong patient support program and those whose physician was an obstetrician/gynecologist had significantly higher persistence compared with those enrolled at sites not taking part in the Prolong program and those whose physician was not an obstetrician/gynecologist (*p* \< 0.0001 and 0.0025, respectively). None of these trends were observed in the other countries. While experiencing two or more historical fractures was significantly associated with increased persistence in Austria (*p* = 0.0267), the opposite trend was observed in the other countries, which was statistically significant in Germany and Belgium (*p* = 0.0462 and 0.0314, respectively).

In Germany, a history of discontinuation of prior PMO therapy was associated with significantly decreased persistence (*p* = 0.0241), and a similar but non-significant trend was observed in Austria. In Greece, this covariate was associated with significantly increased persistence (*p* = 0.0035), and a similar but non-significant trend was observed in Belgium.

Safety {#Sec11}
------

Across the four countries, 1.7--5.0 % of patients reported ADRs (Table [4](#Tab4){ref-type="table"}). The most commonly reported ADRs affected the musculoskeletal and connective tissue systems (0.3--2.0 % of patients; data not shown), for example, arthralgia, pain in extremity, back pain, or myalgia. Overall, 0.3 % of patients reported serious ADRs, with no fatal events. The serious ADRs comprised two cases of osteonecrosis of the jaw (ONJ) (discussed below), one case of liver metastases diagnosed 10 months after denosumab initiation (in a patient with gall bladder cancer at enrollment) that resulted in discontinuation of denosumab, and one case of musculoskeletal pain. Overall, 0.7 % of patients reported ADRs relating to skin and subcutaneous tissue disorders, including pruritus, erythema, and rash. No cases of hypocalcemia or anaphylaxis were reported in any country. Twenty-seven women reported ADRs of osteoporotic fracture (1.8 %), including fractures of the lumbar spine, humerus, wrist, hip, ribs, and pelvis (data not shown). At the time of the interim analyses, there were no reports of atypical femoral fractures or delayed fracture healing (Table [4](#Tab4){ref-type="table"}).Table 4Safety data at 12 monthsOutcomeGermany (*N* = 599)Austria (*N* = 300)Greece (*N* = 300)Belgium (*N* = 301)All adverse drug reactions30 (5.0)8 (2.7)8 (2.7)5 (1.7)Leading to discontinuation of denosumab15 (2.5)2 (0.7)1 (0.3)2 (0.7)Serious adverse drug reaction3 (0.5)0 (0.0)0 (0.0)1 (0.3)Leading to death0 (0.0)0 (0.0)0 (0.0)0 (0.0)Adjudicated positive ONJ2 (0.3)0 (0.0)0 (0.0)0 (0.0)Osteoporotic fracture^a^10 (1.7)2 (0.7)7 (2.3)8 (2.7)Adjudicated positive for atypical femoral fracture0 (0.0)0 (0.0)0 (0.0)0 (0.0)Delayed fracture healing0 (0.0)0 (0.0)0 (0.0)0 (0.0)Data are shown as *n* (%)*ONJ* osteonecrosis of the jaw^a^Osteoporotic fractures were defined as all fractures excluding those of the skull, facial bones, mandible, metacarpus, finger phalanges, toe phalanges, and cervical vertebrae and those not associated with known high trauma severity (fall from higher than the height of stool, chair, or first rung on a ladder or equivalent \[\>20 in.\], or severe trauma other than a fall) and pathological fractures

Two independently adjudicated cases of ONJ were reported, both in Germany (Table [4](#Tab4){ref-type="table"}). Both individuals had risk factors for ONJ (previous bisphosphonate use, old age, or invasive dental procedures). One case resolved after approximately 1 year. As of the last follow-up report received from the treating physician (July 2013), the second case was ongoing.

Discussion {#Sec12}
==========

Results from these interim analyses show that persistence with denosumab at 12 months was consistently high in all four countries studied (87.0--95.3 %). Moreover, the persistence observed in the current study was at least 1.5--10-fold higher than the 12-month persistence from similar studies of bisphosphonates (8.5--58 %) \[[@CR2], [@CR16], [@CR17]\]. Adherence and MCR were also high in all countries, and the safety results were consistent with those observed in previous studies of denosumab \[[@CR22]--[@CR24], [@CR27]\], with no new safety signals identified.

For the persistence analysis, an 8-week permissible gap was selected in line with previous studies in which gaps of 30, 60, and 90 days were used \[[@CR5]\]. The choice of 8 weeks allowed for sensitivity analyses with 4- to 12-week windows, as used in a previous study \[[@CR27]\]. In addition, these windows allowed for time taken by patients to make an appointment and secure prior authorization, if required, when their deadline for the next injection had arrived. The definition for adherence of 6 months ± 4 weeks has been used in previous trials of denosumab conducted in patients with PMO \[[@CR27]--[@CR30]\] and is based on pharmacokinetic/pharmacodynamic data suggesting that residual effects of denosumab are evident up to 6 months after dosing \[[@CR28]\]. Pharmacological coverage for 6 months over a 7-month period equates to an MCR of 85 %, which is comparable with the 80 % threshold of MPR for the definition of compliance \[[@CR31], [@CR32]\]. Indeed, the proportion of days that patients were covered by denosumab was high in these interim analyses, with an MCR of over 90 % observed across the four countries.

While the characteristics of patients initiating denosumab were broadly similar across the countries, there were some notable differences. For example, in Greece, patients tended to be younger than in Germany, Austria, and Belgium, and the most common physician specialty varied by country. Although the mean age of patients was similar in Austria, Greece, and Belgium, the prevalence of prior osteoporotic fracture was substantially higher in Germany than in the other countries, which could reflect the use of country-specific guidelines regarding which patients are eligible for treatment \[[@CR33]--[@CR36]\]. Variations in patient characteristics could also be due to differences in healthcare systems, for example, the proportions of patients using private versus public clinical centers, or variations in reimbursement criteria for laboratory tests. The level of reimbursement of osteoporosis treatments also varies across the countries. Whereas in Austria and Germany these agents are fully reimbursed \[[@CR37]\], in Greece patients pay 10--25 % of the healthcare costs \[[@CR38]\] and in Belgium patients pay 16--27 % \[[@CR39]\]. Owing to the differences observed in the baseline demographics of patients across the countries, no overall analyses were performed.

Despite the high proportion of patients who had received prior PMO treatment (81.3--88.8 %), mean total hip, femoral neck, and lumbar spine T-scores were in or below the osteopenic range (\<−1.0). This, combined with the treating physicians' choices to change PMO therapy to denosumab, suggests that some physicians deemed prior medications to have failed. Alternatively, patients may have requested treatment change because of inconvenient dosing regimens or unacceptable tolerability. Furthermore, the patient-reported MMAS-8 scores indicate that the majority of patients had a low or medium score for adherence to prior medications \[[@CR26]\]. Poor persistence with and adherence to other PMO medications are common \[[@CR32], [@CR40], [@CR41]\] and are associated with suboptimal fracture risk reduction \[[@CR2]--[@CR6]\]. Despite many of the patients in this study having a history of low adherence to medications, their persistence with and adherence to denosumab were high. Furthermore, in a univariate analysis performed to identify factors that were associated with 12-month persistence, MMAS-8 scores at baseline did not influence persistence with denosumab. These observations suggest that the convenience of a subcutaneous 6-monthly dosing schedule may have influenced persistence, even among patients with a history of poor medication-taking behavior.

The pattern of higher persistence in patients with a DXA measurement compared with those without at least one T-score measurement, observed in Austria and Greece, is of interest. Given the asymptomatic nature of osteoporosis, measuring BMD may provide patients with a clinically meaningful and informative tool with which they can define and monitor their disease. Patients may in turn be more informed about the nature and severity of osteoporosis, as well as the possible treatment options, and may subsequently be more likely to persist with medication. The absence of a DXA measurement may reflect the limited access to DXA machines or reimbursement restrictions, which in turn may also affect persistence.

As noted above previously, a univariate analysis was performed to identify factors associated with 12-month persistence. Owing to the high persistence in this study, it was difficult to identify factors that influenced persistence. No clinically relevant covariates were found to be significantly associated with persistence across all four countries, which could reflect differences in healthcare systems in the individual countries. However, for some covariates, similar non-significant trends were observed across the countries: increasing age, falls, living far from the clinic, and immobility were all associated with lower persistence. It may be that older or more frail patients are not able to visit their doctor as readily as others; hence, new formulations of LAIs may be advantageous in the treatment of elderly or less mobile patients as they may allow drug administration outside of the treating clinic by an individual adequately trained in injection techniques \[[@CR21]\]. Patients with a parental history of hip fracture had increased persistence compared with those without such a history. This was a consistent trend across all four countries and may suggest that individuals who have observed the discomfort experienced by a close relative with an osteoporotic fracture may have higher motivation to persist with their own medication. Importantly, the number of comorbidities at baseline did not affect persistence, suggesting that denosumab is suitable for a wide range of patients. Participation in Prolong (an active support program whereby patients were sent reminders via phone calls, e-mails, and letters) significantly improved persistence in Austria, but not in the other countries in the study. This likely reflects the lack of availability of this program in Germany, Greece, and Belgium. Despite the majority of patients in Germany, Austria, and Belgium having access to other active or passive reminder programs, the univariate analysis found that the availability of such programs did not significantly affect persistence. This could reflect the high level of overall persistence with denosumab, rather than a lack of effectiveness for these initiatives.

The study had some limitations. Physicians actively chose to participate in this study, and their practices had the infrastructure to do so; therefore, they may not be representative of all physicians and sites treating women with PMO in Germany, Austria, Greece, and Belgium. Similarly, the patients in this study may not have been representative of the overall PMO population in the four countries. These patients were willing to participate and be monitored in a research study and were aware that their medication-taking behavior was being observed. As discussed previously, the individuals enrolled in this study may represent those with the most severe disease, owing to the high proportion of patients who had previously received another osteoporosis medication. Furthermore, the physicians participating in the study began enrolling patients approximately 1 year following the availability of denosumab in Europe and may have been early users of the product, potentially selecting denosumab as a treatment for those with chronic or severe disease; this could have biased the medication-taking behavior in either direction. In addition, the observational study design does not allow the impact of persistence on fracture risk to be evaluated. With regard to the univariate analysis of persistence, and as noted previously, it was difficult to identify any covariates that could be used in clinical practice to improve persistence further. No mathematical correction was made for multiple comparisons, and the univariate analysis did not consider the interaction of covariates; hence, a multivariate analysis is planned at the 24-month time-point. Finally, this study did not assess the number of patients who refused osteoporosis medication at first prescription (primary non-adherence). This was outside the scope of our study, but is nonetheless an important aspect of medication-taking behavior.

In spite of these limitations, this prospective, observational, multicenter study included a large range of medical center types, physicians, and patients across four European countries. Every attempt was made to avoid deviation from real-world practice in the study design, which should minimize confounding of the data. The decision to prescribe denosumab was made independently of, and prior to, enrollment in the study. Hence, there was no incentive for participating physicians to switch to denosumab, which may otherwise have influenced study outcomes. In a randomized, open-label study of bisphosphonate treatment persistence, closely aligning the study design with real-life practice resulted in persistence rates comparable to those from clinical records \[[@CR42]\]. Therefore, the design of our study is likely to provide insight into the use of denosumab in real-life practice. In our study, the proportion of patients from each country who were persistent with denosumab at 12 months was higher than previously reported in observational studies of oral bisphosphonates \[[@CR2], [@CR16], [@CR17]\] or denosumab \[[@CR43]\]. In addition, persistence levels were comparable to, or higher than, those observed in a randomized, clinical crossover trial of denosumab and alendronate \[[@CR44]\]. Furthermore, data from an analogous, single-arm, prospective, observational study in the USA and Canada showed similar levels of persistence with denosumab (82 %) \[[@CR27]\]. Together, these observations indicate that persistence with denosumab in real-world practice is similar to, or higher than, that observed in clinical studies.

In conclusion, the data reported here show that persistence, adherence, and MCR in the first 12 months of treatment were high in patients receiving denosumab in routine practice in Germany, Austria, Greece, and Belgium. The baseline characteristics of the patients in this study were typical of the general PMO population; therefore, it is likely that these data may be relevant to a wider patient group. Moreover, 12-month persistence with denosumab was 1.5--10-fold higher than that reported previously for bisphosphonates. Such increased persistence has the potential to improve patient outcomes, including fracture risk, in clinical practice, thereby reducing the rate of osteoporotic fracture and the associated burden on healthcare systems in Europe. A better understanding of patient and physician factors that influence medication-taking behaviors may help to improve persistence further.
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